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Abstract
This work studied the use of the luminol chemiluminescent 
reaction in two manners: (1) conditions to optimize the stability of the 
luminol reagent were determined and (2) a method for the detection of 
glucosides in wheat via luminol chemiluminescence was developed. 
Optimization of the luminol reagent involved finding a method to 
stabilize the chemiluminescent intensity resulting when freshly made 
solutions of luminol were used. The best way to eliminate the initial 
period of instability is to purify the commercial luminol to a sodium 
salt. The sodium luminol dissolves readily and exhibits a stable intensity 
profile with time. The luminol chemiluminescent reaction can be used 
to determine a glucoside analyte from a wheat matrix. A clean-up 
procedure for a wheat matrix containing glucosides was developed.
This clean-up procedure is an improvement from one previous method 
used. New steps utilized in the clean-up are a filtration of the aqueous 
wheat solution with a 0.45 pm membrane filter and use of ethyl acetate 
as an extraction solvent to extract the glucoside for chemiluminescent 
detection. Cation exchange columns were eliminated from the 
purification procedure as they did not provide any benefit. The 
procedure presented here allows glucoside concentrations to be 
determined in the wheat matrix using an HPLC coupled 
chemiluminescent detection scheme. Glucosides are converted to the 
luminol reaction analyte, hydrogen peroxide, via enzyme catalyzed 
reactions.
iv
I. Introduction
Chemiluminescence is the process by which chemical reactions 
emit energy as light photons rather than as thermal energy. 
Luminescence detection has gained popularity because of its low cost 
and simplicity. The equipment required is relatively inexpensive and 
readily available and the systems can be easily set up and modified.
This allows specializing the equipment and coupling this detection 
method with other analytical techniques. The light output is 
proportional to the limiting reagent concentration and has a wide linear 
working range.
Luminol [3-amino phthalhydrazide] chemiluminescence is being 
investigated in liquid and solid phase assays in this research group. 
Luminol can be used in flow injection analysis and stop-flow techniques 
as well as being coupled to a variety of analytical methods such as 
HPLC, optical sensors, and solid phase enzyme reactors. The aqueous 
luminol reaction [Figure 1] uses hydrogen peroxide and is enhanced by 
a variety of catalysts yielding 3-aminophthalate anion and light. 
Biological and organic compounds as well as many metal ions can serve 
as the catalyst.
The work presented in this thesis involves luminol 
chemiluminescence and its application to detection systems. Two aspects 
of luminol CL were explored. The first section involves further 
optimization of the luminol reaction via analyzing previous problems 
with the luminol reagent The second section is work on a luminol 
detection system for glucosides from a wheat matrix. This utilizes 
luminol chemiluminesce as well as high performance liquid 
chromatography and immobilized enzyme reactors.
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Luminol 3 -Aminophthalate
Figure 1 The luminol oxidation reaction
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3II. Luminol Chemiluminescence
A. Background
The luminol and hydrogen peroxide reaction has been exploited 
in this lab as a detection method for various analytes. The versatility of 
the reaction allows luminol, hydrogen peroxide or the catalysts to be the 
limiting reagent, or analyte.
A luminol reagent stability problem was noticed by this lab. The 
general consensus was that luminol solutions were unstable initially, as 
measured by the chemiluminescent signal. After a day the solutions no 
longer showed the instability and was a fairly shelf stable reagent. My 
investigation into this problem attempts to determine the period of the 
initial instability and, if possible, its cause.
B. Instrumentation
All continuous flow injection analyses were done on either flow 
injection analysis system I or II (FIA I, FI A II), [Figures 2 and 3]. The 
equipment used in FIAI was designed and set up by Kevin Iiool, and 
FLA II is an adaption thereof.
FIA I and FIA 11 are composed of the following equipment. The 
liquid reagent streams flow at 1.7 ml/min via a Rainin Peristaltic Rabbit 
Pump. A Rheodyne Model 5020 sample injection loop delivers 77 ul of 
analyte into a buffer carrier stream. The streams mix down stream at a 
mixing-tee and enter the flow cell. Light output is measured by a 
Hamamatsu Model lP2b photomultiplier tube at -903 V, where the flow 
cell was positioned directly in front of the PMT. The resulting 
electrical signal from the PMT is amplified by a Pacific Model 126 
photometer and recorded on a strip chart recorder.
Flow injection system I used two reagent streams. One stream 
delivers solutions of luminol plus catalyst buffered in 100 mM pH 11.5 
phosphate. The second stream is a 1 mM pH 6.5 phosphate carrier 
stream. This stream contains the injection loop and delivers the injected 
hydrogen peroxide analyte to the luminol stream, mixing shortly before 
the flow cell.
FIA II contains three streams. Two of the streams arc luminol 
and catalysts. Both streams are buffered in 100 mM pH 11.5 phosphate 
and are mixed just before mixing with a third analyte/carrier stream.
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Figure 2 Instrum ent setup for two stream flow injection analysis 
(FIA I)
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(FIA II)
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6The analyte stream is the same as in FIA I. Separation of the luminol 
and catalyst stream allows a short and constant mixing time for the 
catalyst and luminol reagents.
The flow cell used for all experiments is shown in Figure 4. It 
was designed by Cathy Swindlehurst and built in the University of 
Illinois machine shop. The cell face is Plexiglas and the base is white 
reflective Teflon. Variable width spacers were used to define the cell 
volume. For these setups the volume was held constant over all 
experiments.
C. Reagents
The reagents used in these experiments were commercially 
available and used without further purification: luminol (Aldrich), 
hemin (Sigma), HRP bovine type 1 (Sigma) and 30% hydrogen peroxide 
(Fisher). Luminol was stored in the dark to prevent 
pi otodecomposition, the HRP was stored at 0°C and the hemin and 30% 
hydrogen peroxide reagents were stored at 4°C.
Sodium luminol was provided by Brian Gilbert. It was prepared 
by hot filtration and recrystallization of luminol from 5% sodium 
hydroxide solution according to a procedure reported by Kricka (2). 
The resulting crystals are 72.44 % sodium luminol with NaOH as the 
major contaminant as determined by absorbance spectroscopy. All 
water was purified in a Millipore Milli-Q water system.
D. Experimental Methods 
Flow Injection
Flow injection experiments used the flow injection setups FIA I 
or FIA II. Reagent streams mixed with the analyte and were measured 
for luminescent output at the PMT. The chart recorder was run at 15 
cm/hour, as a result, very sharp peaks were observed. Since the peaks 
were very sharp, the chemiluminescent intensity was approximated as 
proportional to die peak height. Direct comparison of the peak heights 
was used to determine CL intensity of the luminol reaction.

UV/VIS Spectroscopy
An HP 8450A diode array spectrometer was used to measure 
absorbance of luminol solutions. The sources for the spectrometer are a 
deuterium lamp for 200 to 400 nm and a tungsten lamp for 400 to 800 
nm. Solutions were blanked against the reagent diluent, pH 11.5 100 
mM phosphate buffer.
Reagent Preparation
All experiments involved monitoring luminol chemiluminescence 
over a period of time, usually seven hours. Luminol was always added 
to a solution at a time considered to be zero hours. The solution was 
monitored for the subsequent seven hours for change in luminescence or 
other properties. Catalyst solutions and buffers were made up one day 
in advance and stored at room temperature, with the exception of 
hydrogen peroxide which was made up from 30% stock solution the day 
of the experiment. These peroxide solutions were stored in 
polyethylene bottles and refrigerated at 4°C to maximize stability. (6)
Reagents were typically prepared with the following 
concentrations: 0.4 mM luminol, 2 JJ.M hemin, 8 mg/1 HRP and 1,10, 
and 100 pM hydrogen peroxide . Deviations from these concentrations 
will be noted in the text. These conditions were determined by Tuttle to 
be optimal for signal enhancement. (6)
E. Results and Discussion
Luminol and Catalysts in Combined Flow Setup
In order to determine the length of time required for a luminol 
solution to stabilize, the following experiment was run. The conditions 
of this experiment are the typical conditions used in luminol flow 
injection analysis in this lab which were noted above. The FIA I system 
was used with the previously indicated setup. Luminol was added to a 
hemin/HRP solution and stirred to dissolve. Addition of luminol was 
read as time zero. Dissolution of the luminol takes approximately 25 
minutes. After the luminol had dissolved hydrogen peroxide analyte 
was injected at various time intervals and the signal recorded.
Monitoring the solution for nine hours produced the data for the curve 
in Figure 5
The chemiluminescent output increased approximately one and a 
half orders of magnitude from time zero to six hours, and reached a 
plateau after six hours. The output remained at this level until eventual 
degradation of the signal several weeks later. Interestingly the signal 
intensity actually increases rather than degrades with time. Degradation 
could have indicated that one of the reagents was not entirely stable and 
degraded to a material not CL reactive. The increase noted provided 
several possibilities. The luminol could be interacting with one of the 
other reagents or with water to produce an enhanced reaction. Since all 
other reagents were made up in advance the luminol seemed to be 
responsible for the drastic changes in signal output.
This same type of experiment was run using solely hemin or HRP 
as the catalyst. Qualitatively the result was the same. All solutions 
increased in chemiluminescent output over time. The time to reach a 
steady state value varied in each case. When HRP is the only catalyst the 
unstable time period is the lowest, about one and one quarter hours. 
Hemin and luminol solutions required slightly longer, three hours, to 
reach the luminescence signal plateau [Figure 6]. It is, however, not 
clear why the solution containing both catalysts should take longer than 
either catalyst solution alone.
Separation of Luminol and the Catalysts
To investigate the effect of preventing a lengthy interaction of 
luminol with hemin and HRP, another flow injection experiment was 
run. The combined solution (luminol and catalysts) flow injection 
experiments showed that the catalysts did affect the behavior of the 
solutions. Each catalyst system required a different length of time to 
stabilize. In a flow injection system, it is easy to alter the number of 
flow streams and the length of interaction. By splitting the luminol 
reagent stream into two streams the catalysts could be separated from 
the luminol, as shown in FIAII.
In this flow system, luminol and the catalyst stream mix shortly 
upstream of the analyte carrier stream junction and then mix with the 
analyte prior to the photomultiplier tube. This allows the reagent 
streams to mix onl for a short and constant length of time. The 
variables are reduced to the length of time luminol has been in buffer,
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Figure 6 Comparison of luminol curves for different catalysts with 
100 jaM hydrogen peroxide analyte
since there is no longer a variation in the length of time of interaction 
with the catalysts.
These experiments were run for hemin only, HRP only, and 
hemin plus HRP catalyst streams (Figure 7 ]. These curves correspond 
to the three similar combined reagent flow injection experiments above.
All of the curves still show a change in light output over time, 
though the effect was generally not as pronounced. The HRP catalyst 
system actually shows a degradation of signal. The reason for uiis 
result has not been determined. The stability of the luminol solution 
appears to be greatly enhanced in the hemin plus HRP reagent system. 
'ITie intensity does not change over one and one half orders of 
magnitude and the time necessary to reach a steady state level is only 
about four hours.
In addition to a greatly reduced change in intensity over time, the 
Fmal intensity for the reaction is significantly reduced. The intensities 
for separated reagents are approximately one order of magnitude lower 
than those for the combined system. This result was unexpected and 
could be the result of many factors, possibly dilution of the luminol 
reagent and catalysts, or fluctuations in the system.
Considering the first possibility, all reagents were made at the 
standard concentrations regardless of flow injection scheme. In FIA 1 
the reagent stream is diluted in half by the analyte stream. In FIA II, 
however, the reagent streams converge to dilute each by one half oefore 
mixing and diluting again with the analyte stream. This extra dilution 
results in the reagents at only half the concentration as that in FIA I.
The analyte in this solution is 100 pM hydrogen peroxide and the 
reagent luminol solution is 400 pM. In the combined reagent system, 
the luminol and peroxide are combined in a four to one molar ratio.
The extra dilution in the separate reagent flow system lowers that ratio 
to two to one. Although luminol is still in excess by a factor of two the 
intensity is dependent on luminol concentration. Figure 8 shows a curve 
produced by Tuttle. It clearly shows the change in CL intensity 
observed using 400 and 200 pM luminol solutions. The change is 
approximately 0.38 log units. The concentrations of the catalysts are 
also reduced to half their original concentration. Figure 9 represents 
the change in CL intensity over a range of hemin concentrations, and 
Figure 10 shows a similar curve for HRP concentrations. For hemin 
the change from 2 pM to 1 pM hemin only represents a decrease of 
about 0.05 log units. Similarly, the dilution effect of HRP with a fixed 
amount of hemin results in little overall effect on the CL intensity.
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concentrations [Figure 15 of Reference 6]
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The dilution of the reagents can account for a lowered intensity of 
nearly 0.4 log units. The total lowering in intensity for separate flow 
experiments relative to combined flow experiments amounts to one log 
unit. Clearly there must be another factor influencing the lowered 
intensity. Simple dilution of the reagent stream, however, can explain 
four tenths of the lowered intensity.
Solubility of Luminol
During the above experiments it was noted that luminol does not 
always completely dissolve following twenty to thirty minutes of 
stirring in basic buffer. Luminol is soluble in strong acids or bases, 
hence a very basic pH is used for the reagent stream. Despite this, it 
often still contains visibly undissolved particles of luminol in solution 
after thirty minutes in the buffer solution. It is believed that this is 
primarily because the commercial luminol is available as a powder 
which often forms slowly dissolving aggregates. The luminol is a 
reagent in excess and thus CL intensity should not depend on the 
insolubility of small amounts of luminol. In order to verify that most 
of the luminol was in fact dissolved, an absorption experiment was run. 
The absorbance spectrum of luminol, hem in, HRP and 100 mM pH 11.5 
phosphate was taken over a variety of time intervals [Figure 11]. The 
absorbance was measured at 350 nm in quartz cuvettes and the data 
appears in Table I. Comparison of luminol and hemin and HRP spectra 
indicates that luminol is the principle absorbing species at 350 nm.
Table 1
Time (mins) Absorbance
10
40
70
125
185
240
300
360
420
0.257
0.254
0.266
0.269
0.266
0.268
0.271
0.271
0.288
Figure 11 Absorbance spectrum of luminol, HRP and hemin and pH 11.5
00
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The data shows a slight increase in absorbance by 0.03. This 
change is only one percent of the total absorbance and thus considered 
to be negligible. A change in solubility of at least fifty percent would 
have been needed to justify the previous changes in luminescence over 
time.
This absorbance method would have indicated undissolved 
luminol by a lower absorbance value or light scatter. Since no large 
change in the spectrum was observed, the luminol species appears 
largely unchanged over the course of time. This result also aids in 
ruling out the possibility that luminol is altered in solution. Luminol is 
a highly conjugated molecule and should reflect any changes in the 
chromophore. It was considered that luminol could have been 
experiencing conjugation to another compound in solution. If this 
conjugation or association affected the chromophore it should have been 
accompanied by a peak shift. This conjugation could have been a slow 
process which accounted for the eventual enhancement of the CL signal, 
though this set of spectra does not indicate any such alteration of the 
luminol species.
Although the above experiment does not eliminate the possibility 
of conjugation or solubility problems it suggests that there is no 
problem with the luminol solubility or change in the luminol species.
Purified Luminol
In analyzing the existing data there is not any clear reason for the 
time dependence of the luminol solution. Both the initial stability and 
intensity of this solution change with the catalyst even under the 
controlled interaction conditions of the separate stream experiment.
This information suggests that the catalysts are not responsible for the 
changes even though they contribute to the result. They all clearly 
affect the unstable intensity period but no single catalyst or system can 
be eliminated with a corresponding elimination of the initial lowered 
intensity. Also the solubility of luminol is not responsible for the 
gradually increasing intensity. These results indicate that the luminol 
might be responsible for the different stabilities and catalyst effects.
Brian Gilbert had previously prepared sodium luminol and 
provided it for the following experiment. Sodium luminol is the 
sodium salt of luminol produced by a purification of commercial 
luminol. This luminol was used in place of commercial luminol in the 
following combined reagent flow injection analysis.
20
The sodium luminol was purified by a recrystallization of luminol 
in 5% sodium hydroxide as described by Kricka (2). The resulting 
sodium luminol was contaminated by sodium hydroxide. The total 
contamination equaled 27.66 % as measured by absorbance spectroscopy 
and compared to an equimolar sample of luminol. It was assumed that 
tiie principal contaminate was sodium hydroxide and that the 
purification had removed some of the commercial contaminates because 
the sodium luminol crystals were whiter than the commercial luminol.
A flow injection experiment was performed using FI A I and the 
same conditions as the initial experiment in this paper. Both hemin and 
HRP were used in a combined flow setup as the catalysts with hydrogen 
peroxide as the analyte. The graph of the resulting data shows a stable 
curve at the same intensity as a stable luminol solution which was run 
the previous day [Figure 12], Substition of sodium luminol for 
commercial luminol finally resulted in a stable intensity curve for the 
luminol reaction. The large sodium hydroxide contamination should 
not effect the solution in any way. The reagent stream is buffered at pH 
11.5 which is already very basic and can easily be readjusted to pH 11.5 
after the addition of the sodium luminol. The sodium salt is much more 
soluble in solution and eliminates the need for stirring the luminol 
solution in excess of 30 minutes before use.
After reading Kricka's paper concerning purification of luminol, 
it seems likely that a contaminate in the luminol solution is the cause of 
the initial signal changes. He reports that using recrystallized luminol 
provides an emission intensity enhancement of up to two orders of 
magnitude. Ih e  enhancement he refers to may in fact be comparing 
sodium luminol solution intensity to recently prepared (less than six 
hours) luminol solutions. The commercial luminol solutions eventually 
reach the same signal intensity as the purified luminol and seem to have 
no other disadvantages. It seems likely that one or more of the 
contaminates in the commercial luminol is suppressing the luminescent 
signal. This contaminant must eventually degrade resulting in a higher 
intensity signal. Another consideration is that the degradation of one of 
the contaminants is facilitated by either HRP or hemin. Since luminol 
CL is affected by the catalysts, it is likely that luminol-like contaminants 
are also somehow affected or perhaps degraded. Thus in the separate 
flow experiments where the luminol solution was only briefly in contact 
with the catalyst the contaminants could not be degraded and the final 
intensity was not equal to a combined flow experiment. There may be 
several contaminants which degrade in solution, some of which are
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substrates for the catalyst and are also degraded. It is possible that the 
contaminants in luminol may affect other properties and chemicals it is 
used with. This could affect enhanced reactions or reactions with 
different catalysts, such as metal ions. It is possible that one or more of 
the contaminants could chelate the ions and make their detection more 
difficult.
F. Conclusions
The luminol reaction that has been used in this lab has exhibited 
an unstable phase upon adding luminol to a solution. This phase was 
noticed for solutions of luminol in hemin, HRP and phosphate buffer. 
The unstable period lasts for about six hours and then the 
chemiluminescent intensity stabilizes at a maximum. This property is 
effected by the catalyst and also the length of interaction with the 
catalysts. It appears that the luminol solution can be stabilized by using 
the purified sodium salt of luminol. The CL signal resulting from a 
solution of the luminol salt exhibits a stable intensity profile at a similar 
intensity to a luminol solution. The implications of using purified 
luminol have not been determined. If contaminants in the commercial 
luminol are causing the initial dampening of CL signal, then they could 
also result in other changes in the reaction or catalysis of the reaction. 
No work has been done to determine the extent of the effect by 
contaminants in this or other CL reactions.
III. Glucosidcs
A. Background
All living systems require some mechanism for eliminating 
potential toxins. Humans conjugate toxins or their metabolites to 
glucuronic acid and then eliminate them as glucuronides. Plants use a 
similar system and remove compounds as glucose conjugates called 
glucosides. The formation of glucosides indicate a plant's ability to 
metabolize potentially hatmful compounds and therefore render that 
compound nondetrimental to the plant's growth.
Commercially grown wheat is generally treated with herbicides. 
The function of herbicides is to prevent the growth of weeds and 
simultaneously allow wheat to grow. One of the critical steps in 
developing herbicides is treating wheat with the herbicide and 
determining whether the herbicide has been metabolized. The ability of 
a plant to produce glucosides from herbicides could be determined by 
monitoring the glucoside levels of the plant.
Chemiluminescence offers a possible determination method for 
glucosides froiri a matrix. The luminol reaction can use hydrogen 
peroxide as an analyte. Since glucosides can be converted to hydrogen 
peroxide via enzyme reactions, a chemiluminescent assay is possible. 
The conversion of glucosides to hydrogen peroxide is a two step 
process. First a glucosidase enzyme will convert a glucoside to glucose 
and the aglycon. Glucose is then converted to hydrogen peroxide and 
gluconic acid via glucose oxidase. The reactions are shown in figure 
13. Thus, die glucoside can be detected as hydrogen peroxide which 
will react with luminol. The enzyme reactions can be contained in a 
flow injection or chromatographic assay by immobilizing the enzymes 
onto column packing material and producing an in-line immobilized 
enzyme reactor (IMER). Another technique coupled to the system is 
HPLC. This HPLC system achieves separation of matrix components in 
an analytical column and deals with the back pressure resultant of a 
multi-column system.
By coupling HPLC, IMER's and chemiluminescence detection 
together, a rapid assay system for glucosides from a wheat matrix can 
be devised. This system can also be applied to other matrices. Sugars 
from food products have been analyzed in this way (5). Anything
/3-D-Glucoaide
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Figure 13 Reaction scheme for the determination of B-D- 
glucosides via chemiluminesce [Figure 5-1 of 
Reference 1]
which can enzymatically be degraded to a sugar can be reacted to yield 
hydrogen peroxide and thus an analyte for CL detection.
B. Instrumentation
A chromatographic analysis system was devised for the detection 
of glucosides from a wheat matrix. Chemiluminescence detection was 
coupled to HPLC and in-line immobilized enzyme reactors. Figure 14 
depicts this setup. A BAS PM30A model high performance double 
piston pump with a pulse dampener delivers the mobile phase at 1.5 
ml/min. In-line is a silica precolumn which serves to saturate the 
mobile phase. An Altex 210 injector with a 20 pi injection loop is used 
to introduce analyte into the carrier stream. The analyte passes through 
an ODS guard column and then to a Zorbax ODS analytical column.
The B-D-glucosidase and glucose oxidase IMER's follow in series. At 
this point the sample analyte has been converted to hydrogen peroxide 
and mixes with a luminol stream at a mixing tee. The luminol CL 
reagent is delivered to the mixing-tee via a Rainin Rabbit peristaltic 
pump. The solution proceeds to the flow cell which is placed directly in 
front of a Hamamatsu IP28 photomultiplier tube voltage biased at - 
900V. The flow cell was designed by Lynn Abanero, Kelly Moriarty 
and myself for this equipment. This cell consists of a Plexiglas front 
with a glass window and an opaque Kel-F back. Variable width spacers 
can be used to change the volume of the cell. The glass window 
provides an inert surface for the cell which is in contact with 
acetonitrile in the mobile phase. A Pacific Instruments Digital 
Photometer model 124 receives the signal from the PMT and it is 
recorded on a strip chart recorder.
C. Reagents
The HPLC mobile phase is 25% acetonitrile in 1 mM pH 6.5 
phosphate. This concentration of acetonitrile was determined to be 
optimal for enzyme efficiency by Phil Koemer. (1) The mobile phase 
was filtered in a Nucleopore vacuum filtration apparatus utilizing a 0.45 
pm Gelman Vericel membrane filter and degassed in a sonicator under 
vacuum. The mobile phase was made up fresh for each experiment or 
day.
’Ihe luminol reagent stream consisted of 0.4 mM luminol 
[Aldrich], 8 mg/L horseradish peroxidase bovine type I [Sigma], and 2
Figure 14 Instrument setup for HPLC-CL linked detection scheme N>C\
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Figure 15 Flow cell used with organic modifiers N>
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jiM Hemin | SigmaJ in pH 11.5 100 mM phosphate. These reagents were 
used as purchased without purification. This iuminol solution was 
always made up at least one day in advance and used for approximately 
one month at which time the signal began to decay.
Immobilized enzymes were prepared by methods commonly used 
in this lab. (1,5) Controlled pore glass beads of 37 to 74 micron 
diameter were coupled to glucose oxidase and B-D-glucosidase via a 
glutaraldehyde linker. This solid phase enzyme was slurry packed into 
stainless steel HPLC columns. When not in use the solid phase enzymes 
were stored in pH 6.5 1 mM phosphate at 4°C. 'Hie enzyme conversion 
efficiencies were determined periodically over the lifetime of the 
enzyme columns by both chemiluminescence and absorbance 
spectroscopy. These methods are described by Koemer (1) in more 
detail than is presented here. The silica beads are activated by reaction 
with triethoxy aminopropyl silane. Then glutaraldehyde is linked to the 
activated silane. The glutaraldehyde is a spacer and makes a covalent 
bond through amino groups in the enzyme. Figure 16 depicts the 
immobilization of the enzymes. The number of units of enzyme loaded 
onto the solid support is determined by absorbance spectrosopy.
As previously discussed, glucosides are metabolic products of 
herbicide treated wheat. Metsulfuron methyl glucoside, which was 
provided by DuPont, and p-nitrophenyl glucoside were the two 
glucosides used in these studies. p-Nitrophenyl-B-D-glucoside was used 
as an inexpensive and readily available model of an herbicide 
metabolite. Metsulfuron methyl is an actual herbicide component. 
Preparation and clean-up of the wheat required a variety of aqueous and 
organic compounds. All of the chemicals were commercially available 
and used without purification. This includes: n-butanol, sodium citrate, 
chloroform, dichloromethane, ethyl acetate, diethyl ether, methanol, 
and hexane. The citrate was used as 10 mM pH 4.7 and pH 2.5 citrate 
buffer. AH aqueous solutions were made with water from a Millipore 
Milli-Q water purification system.
D. Experimentation and Discussion
Original Clean-Up of Matrix
In earlier work by Phil Koemer a procedure for wheat glucoside 
detection had been initiated. The following report is a continuation of
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Figure 16 Procedure for the immobilization of enzymes on 
control pore glass
30
the work presented in his thesis involving wheat. All of the work that 
follows was done in coordination with Kelly Moriarty.
'rhc work presented by Koemcr included a clean-up procedure, 
which was adapted from DuPont, for the wheat matrix. It has been my 
attempt to further improve his procedure. The proposed clean up 
method presented by Koerner is shown schematically in figure 17. The 
first step is to take a 5 g sample of wheat which has been grown under 
controlled conditions and mix it with methanol. The wheat sample was 
grown in an herbicide free environment and then frozen and cut into 
small pieces by DuPont. The wheat and methanol mixture is ground in 
a 4 mm probe homogenizer to extract all of the soluble wheat 
components. The methanol is decanted and filtered through two 2 pnt 
polypropylene filters. This step is repeated two times saving the 
methanol. The methanol is concentrated by drying en vacuo  . This 
sample is taken up in 100 ml of 10 mM pH 4.7 citrate buffer inicating 
if necessary to remove residue from the walls of the vessel. '1 j 
aqueous sample is then passed through 2 propyl sulfonic acid cation 
exchange columns to retain some of the green material in hopes of 
removing matrix components that cause interference with detection. 
Extractions with chloroform are done to isolate the proposed glucoside 
fraction. Three extractions are performed with 160 ml of chloroform 
and the organic layer is discarded. Then the aqueous fraction is 
extracted three times with 160 ml of n-butanol and dried en vacuo. The 
residue was prepared for sampling by dissolving the dry fraction in 10 
ml of methanol. Then a one ml aliquot of methanol and wheat extract 
are placed into a 1 ml volumetric flask and dried down with dry 
nitrogen. It is then reconstituted with a glucoside spike in 1 mM pH 6.5 
phosphate buffer. The working range used for the glucosides is 
generally used between 1 pM and 1 mM and the detection limit is 0.5 
pM. Each spiked sample is compared against a standard curve of the 
same glucoside.
The general problem with this procedure has been that the 
glucoside has been undetectable. It appears that there is a compound in 
the matrix which masks the chemiluminescent signal. Two methods to 
overcome this problem have been investigated. Rosenstiel did some 
work using a valve switch placed in-line before the IMER’s (4). This 
provided a shunt path directed to waste for all of the matrix components 
except the glucoside. The retention time of the glucoside was measured 
and the switch was changed from waste to IMER shortly before the 
glucoside would pass through. Using this method Rosenstiel was able to
Repeat Two Times 31
Figure 17 Proposed wheat matrix clean-up procedure
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detect the glucoside from the wheat matrix, but with a much lower 
intensity than the original spike.
The work presented here is an attempted to overcome the matrix 
problem by cleaning up the matrix and eliminating the compound(s) 
which are causing a problem.
Target Glucoside
The glucoside of ultimate interest in this work is metsulfuron 
methyl glucoside. This glucoside is the glucose conjugate of an 
herbicide produced by DuPont. This represents a target molecule for 
the work here. Unfortunately it has been difficult to obtain sufficient 
amounts of this glucoside to perform the necessary experiments in order 
to develop a detection method. For this reason, another glucoside must 
be chosen to refine the procedure before testing of the target molecule 
could be done. p-Nitrophenyl-B-D-glucoside was chosen as the model 
glucoside. p-Nitrophenyl-B-D-glucoside and metsulfuron methyl 
glucoside are pictured in figure 18. p-Nitrophenyl-B-D-glucoside was 
chosen based on the work done by Koemer. It gave good conversion 
efficiency in the B-D-glucosidase IMER as compared to salicin and 
phenyl-B-D-glucoside and is relatively inexpensive and readily available.
Since Koemer's and Rosenstiel's work on glucosides, a new value 
for the pKa of metsulfuron methyl glucoside has been determined. The 
pKa was previously believed to be near 4.0. In a recent communication 
between Nieman and Rich Trubey of DuPont, we found out that the pKa 
is actually near 3.3. This has a strong impact on the pH used for 
extractions in the purification of the wheat matrix.
Insoluble Matrix Components
When following the procedure of Koemer [figure 17] the most 
significant problem with the matrix is the amount of aqueous insoluble 
components. The sample either had to be sonicated to pulverize these 
particles or the solution had to be filtered pre-injection. The solid 
particles were always dark green. A filtration step was added to the 
beginning of the wheat clean-up procedure to eliminate as much of the 
green solids as possible. The wheat matrix in 10 mM pH 4.7 citrate was 
filtered using a 47 pm Gelman Vericel membrane filter. The resulting 
filtrate was a clear and slightly green or yellow solution. This single 
step cleaned up the wheat matrix immensely.
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Figure 18 Structures of two glucosides: A. p-nitrophenyl
glucoside B. metsulfuron methyl glucoside
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If the remaining portion of Koemer's clean-up procedure was 
followed and then the wheat was spiked with p-nitrophenyl-B-D- 
glucoside immediately prior to injection onto the HPLC system, a signal 
could be detected. This is a significant result since up to this point the 
glucoside could only be detected by integrating a switching valve in the 
HPLC setup. In this instance no switching valve was used and the 
glucoside was successfully detected.
Partitioning Glucosides into Organic Layers
Further attempts to purify the sample were directed at the 
extraction procedure. The new value for the pKa of metsulfuron 
methyl glucoside (also referred to as B9700) of 3.3 led us to test its 
partitioning in solvents at pH's above and below that value. Previous 
extractions were done at pH 3.0 which is unfortunately close to the new 
accepted value for the pKa. Also investigated was the partitioning of 
the model glucoside, p-nitrophenyl-B-D-glucoside. A 10 ml sample of 
glucoside in 10 mM citrate was extracted with 10 ml of an organic 
solvent. The organic solvent layer was dried en vacuo  and then any 
residue was reconstituted in 10 ml pH 4.7 citrate. The HPLC system 
was adapted to detect the glucosides spectrophotometrically by 
substitution of a UV/VIS detector and removal of the enzyme column. 
The samples were detected by absorbance on a Spectra Physics 8450 
uv/vis multiwavelength detector at 234 nm. The data for metsulfuron 
methyl glucoside is tabulated below.
Table 2
pH Solvent %  Extracted **
4.7 chloroform 0
2.5 chloroform 56
4.7 n-butanol 64*
2.5 n-butanol 76
4.7 ethyl acetate 56
2.5 ethyl acetate 75
4.7 diethyl ether 60
2.5 diethyl ether 64
4.7 dichloromethane 59
2.5 dichloromethane 60
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* these two values obtained from reference 1 
** In comparison to an aqueous standard
The p-nitrophenyl-B-D-glucoside extractions were not done as 
extensively. It was only tested for extraction into chloroform and ethyl 
acetate.
Table 3
pH Solvent % Extracted
4.7 chloroform 0
2.5 chloroform 0
4.7 ethyl acetate 52
2.5 ethyl acetate 51
Ethyl acetate was ultimately chosen as the extraction solvent for 
the glucosides. It would extract 75 percent of the metsulfuron methyl 
glucoside and 51 percent of the model glucoside. In either case an 
extraction at pH 4.7 with chloroform can be used as a matrix clean-up 
step since it does not extract any of either glucoside.
n-Butanol was the second extraction solvent used in Koemer's 
work. Ethyl acetate replaced n-butanol as a second extraction solvent :n 
our study. The reason for this was that n-butanol was more difficult to 
work with as an extraction solvent because it often formed suspensions 
which broke up over time. Another inconvenience was drying down the 
n-butanol fraction. It takes more time to evaporate this solvent to 
dryness. Since both solvents have similar extraction efficiencies for the 
intended glucoside, B9700, n-butanol was replaced by ethyl acetate.
Testing of the Clean-up Procedure
Clearly the critical test for determination of glucosides from 
wheat is obtaining an heibicide treated sample and correctly quantitating 
the amount of heibicide metabolite in the plant. Up until this point all 
of the testing done with the wheat has used a post purification glucoside 
snike. The addition of the aqueous filtration step finally allowed 
successful testing of the matrix. Since that step, testing of the entire 
purification method could be done.
The wheat sample (aqueous in citrate) was spiked with p- 
nitrophenyl-B-D-glucoside in separate analyses before and after
Repeat Two Times
Figure 19 Revised wheat matrix clean-up procedure
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filtration by the 0.47 pm vericel membrane. The clean-up proceeded as 
outlined in the flow diagram (figure 19) and was analyzed in HPLC I. 
The results are fairly promising. In both cases pre and post filtration 
spiking the glucoside was detectable, 42 percent for the post filtration 
spiking and 18 percent for pre-filtration spiking.
Forty two percent post filtration signal for p-nitrophenyl-B-D- 
glucoside is lower than the SI percent obtained for extraction from the 
citrate. The procedure for clean-up from the spiking point is the same 
used in the partitioning study. The lower amount extracted is likely due 
to the matrix components. The added compounds from the matrix 
could limit the amount of glucoside extracted. Only being able to obtain 
18 percent of the original spike in the pre-filtration sample is 
disappointing though may be improved. Since p-nitrophenyl-B-D- 
glucoside is lost in the filtration step it is probably adsorbed to the solid 
components or trapped in the aggregates. The solid components contain 
proteins and other biological polymers.
Though the experimentation to improve the efficiency of this step 
has not been done, it is likely that some increase can be made. The most 
common method used to reduce non-specific interaction between 
compounds is to add a dispersing agent. Either 8 M urea or 4 M 
guanidine isothiocyanate can be used to break up protein-protein 
interactions and possibly free up the glucoside that may be trapped. The 
dispersing agent could be added prior to the filtration. Bc*h of these 
compounds would stay in the aqueous layer during the organic 
extraction and therefore interference from a dispersing agent is not a 
factor. The wheat sample would then be worked up in the usual 
manner.
Clean-up for Detection of Glucosides in Wheat
The clean-up procedure designed by the above experiments is a 
hybrid of the method used by Koemer. Although future work may 
suggest alterations of the procedure to optimize the amount of glucoside 
isolated from the matrix, this method provides a means for glucoside 
detection. The flow diagram is shown in Figure 17.
A 5 gram sample of chopped wheat is homogenized with a 4 mm 
blade probe in ISO ml of methanol. This sample is then centrifuged at 
3500 rpm for 10 minutes. The supernatant is then decanted and filtered 
through two 2 pm polypropylene frits. To the wheat pellet another ISO 
ml portion of methanol is added and the homogenization, decantation,
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and filtration steps are repeated twice more. The solid matter 
remaining is discarded. The methanol fractions are collected and 
evaporated at 4S°C under vacuum. The remaining residue is taken up in 
100 ml of 10 mM pH 4.7 sodium citrate buffer. Sonication is 
performed to dissolve as much material as possible The insoluble 
material is removed by filtration with a 0.45 pm vericel membrane 
filter. All of the green material is retained on the membrane and the 
liquid filtrate is a clear yellow. This aqueous layer is extracted at pH 
4 .7 by three 100 ml volumes of chloroform. The chloroform layer can 
range from colorless to slightly yellow or green. This layer is 
discarded since the partitioning study has proven that no glucoside is 
retained at pH 4.7. Then the pH is adjusted pH 2.5 in the aqueous phase. 
The glucoside extraction is perform with ethyl acetate. Again three 
portions of 100 ml each are u 1 in the extraction. The glucoside is 
extracted into this layer. Both p-nitrophcnyl gucoside and metsulfuron 
methyl glucoside are partitioned into this layer, though with different 
efficiencies. The organic layer is dried completely on a rotary 
evaporator at 45°C and then reconstituted in 10 ml of methanol. A 
sample for glucoside detection is prepared by taking 1 ml of wheat 
matrix into a volumetric flask. This sample is dried down under a 
stream of dry nitrogen, being careful not to lose any of the matrix. The 
residue is taken up in one ml of 10 mK o '  phosphate buffer, one of 
the mobile phase reagents. The detected ,, ^i for this glucoside then is 
compared to an aqueous glucoside standard for the same glucoside using 
the HPLC detection scheme described above.
E. Conclusions and Future Work
The work done so far has provided a clean-up method for the 
wheat matrix which allows detection of a glucoside from the matrix.
Hie clean-up method presented above may be improved by further 
testing of each step. The filtration step may be improved by testing at 
other pH ranges or by using a non-specific binding inhibitor such as 
urea. Once a clean-up procedure is decided upon, work on the 
reproducibity, detection range and detection limit must be done for both 
the model glucoside and the metsulfuron methyl glucoside. However, at 
this point die work can be undertaken. Also this detection method 
should be tested for its applicability to other glucosides, which arc 
related to herbicide products.
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